This study was performed to determine if selective elimination of afferent input from two different types of previously described baroreceptors altered the ability of the dog to regulate blood pressure (BP), examining specifically if there was differential loss of baroreceptor control of tonic levels of baseline pressure versus dynamic changes in pressure. In the first series of experiments in this study, anodal block of the carotid sinus nerve was used to selectively block afferent input in a sequence from large-diameter A-fiber carotid baroreceptors (mostly type I) to smaller A-fiber and nonmyelinated C-fiber baroreceptors (mostly type II). In the second series of experiments, anesthetic block of the carotid sinus nerve with bupivacaine was used to selectively eliminate afferent input in reverse order from anodal block, first blocking input from baroreceptors with small afferent fibers and then additionally eliminating input from the larger-diameter A-fiber baroreceptors. The effects of selective elimination of each baroreceptor type were determined by monitoring baseline BP during constant carotid sinus pressure (CSP) perfusion of a vascularly isolated carotid sinus (tonic control) and obtaining baroreflex sensitivity (slope) during ramp pressure stimulations of the carotid sinus (dynamic control) under various blocking conditions. Low levels of anodal block significantly attenuated baroreflex sensitivity (-0.84±0.11 versus -0.63+±0.10 mm Hg BP/mm Hg CSP) at levels of block that had no effect on tonic baseline BP (158.41±9.5 versus 160.7+9.5 mm Hg BP). In contrast, low levels of bupivacaine block produced significant increases in tonic BP (158.8±6.4 versus 169.0±6.5 mm Hg BP), whereas there was no effect on dynamic baroreflex sensitivity (-0 If the two types of baroreceptors do contribute differently to BP regulation, then selective stimulation or elimination of afferent input of one type of receptor should alter the ability of the animal to regulate pressure. The possibility of differential control of pressure by different types of baroreceptors has been studied by other investigators who examined baroreflex effects of activation of A-fiber versus C-fiber baroreceptors, a classification that closely, but not exactly, follows classification of type I versus type II baroreceptors. Type I baroreceptors have been found to primarily have large myelinated A-fiber afferents, whereas type II baroreceptors primarily have smaller A-fiber and unmyelinated C-fiber afferents. These studies indicated that both A-fiber and C-fiber baroreceptors produced depressor
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If the two types of baroreceptors do contribute differently to BP regulation, then selective stimulation or elimination of afferent input of one type of receptor should alter the ability of the animal to regulate pressure. The possibility of differential control of pressure by different types of baroreceptors has been studied by other investigators who examined baroreflex effects of activation of A-fiber versus C-fiber baroreceptors, a classification that closely, but not exactly, follows classification of type I versus type II baroreceptors. Type I baroreceptors have been found to primarily have large myelinated A-fiber afferents, whereas type II baroreceptors primarily have smaller A-fiber and unmyelinated C-fiber afferents. These studies indicated that both A-fiber and C-fiber baroreceptors produced depressor effects when electrically activated,3-7 with some indications that C-fiber baroreceptors appeared to contribute more to the evoked hypotension and were necessary to maintain the depression of BP throughout the stimulation period. One earlier study used anodal block to determine the relative contributions of A-versus C-fiber baroreceptors to the inhibition of sympathetic activity during pressure stimulation. 8 Results from that study suggested that C-fiber baroreceptors contributed to reflex inhibition of sympathetic activity only when arterial pressure was increased well above normal resting levels.
Although our characterization of baroreceptors into types I and II is a functional distinction, the Application of the local anesthetic bupivacaine (BUP) was also used to produce differential block of carotid baroreceptor input but in the reverse order obtained with anodal block. BUP exposure first blocked small A-and C-fiber baroreceptors and then additionally larger A-fiber baroreceptors at higher anesthetic concentrations. Although the selectivity of the block was not as discrete as that obtained with anodal block, the results of the second study indicate that loss of small A-and C-fiber baroreceptor input preferentially resulted in loss of tonic control of resting baseline pressure, whereas the greatest attenuation of dynamic when large A-fiber baroreceptors were blocked. These results were consistent with those obtained in the first study using anodal block, although the blocking order of the baroreceptor types was reversed, and suggested that baroreceptors associated with different afferent fiber types contribute differentially to the regulation of BP.
Materials and Methods

General Methods
The effects resulting from blockade of carotid baroreceptor inputs were studied using an isolated carotid sinus preparation in anesthetized mongrel dogs (25 mg/kg sodium thiopental bolus+10 mg/kg per hour infusion) as previously described. 10 To determine effects of selective anesthetic blockade of carotid baroreceptor input, increasing levels of BUP were applied to the isolated carotid sinus nerve. Because selectivity of anesthetic blockade is dependent on length of exposed nerve, an attempt was made to limit the exposure of the carotid nerve by various methods, depending on the available length of the nerve. The carotid nerve was isolated from surrounding tissue and, if possible, placed in a small slotted plastic chamber that could be sealed around the nerve, minimizing anesthetic exposure to a 2-mm segment of nerve. If there was insufficient room, a wick-type electrode was placed around a 2-mm desheathed segment of the nerve and used for anesthetic application. If both methods were impossible, the anesthetic was then directly applied to a 2-mm segment of the nerve that had been desheathed. The remaining sheath on the rest of the nerve served as a diffusion barrier for the anesthetic. All methods appeared to result in differential block, according to the results obtained, but successful block using the last method may have also been dependent on the relatively low doses of anesthetic used, as well as the short exposed segment. Concentrations of BUP used in the study ranged from 5.0 to 20 mg%, which are in the low range of those used by other investigators in earlier studies. '7,"8 Experimental Protocol
The effects of selective blocking of baroreceptor activity on tonic baroreflex control of baseline BP were determined in seven ,tA to the left sinus nerve in random order, allowing sufficient time for baseline effects of the block to stabilize before initiation of the pressure ramp. After the tonic and dynamic baroreflex responses to each current were determined, the current was turned off, and the sinus was again perfused at constant pressure for 5 minutes. New control baseline and reflex responses were determined after each blocking run to ensure that the effects of the previous block were over. The repeated testing was done until control responses returned to normal. When very high blocking currents were used, the time needed to return to control could be as long as 1 hour. After control was reestablished, a new blocking current was tested. This procedure was repeated until no additional changes in tonic or dynamic baroreflex control of BP were obtained with increasingly higher blocking currents, thus determining the level of 100% maximum current. Once the maximum blocking current was determined, blocking was continued in random order until currents equal to 25%, 50%, and 75% of maximum had been tested.
For anesthetic block, tonic and dynamic baroreflex responses were obtained in six dogs during application of BUP to the left sinus nerve, with responses measured at 2 minutes and then 7 minutes after anesthetic application. In these animals, conditioning pressure of the sinus was set at preisolation levels, in a manner similar to the first group of anodal block dogs. Conditioning pressure ranged from 115 to 155 mm Hg, with a mean of centrations, starting with 5 mg% and then increasing to 7, 10, and 20 mg% in the following manner. After the tonic and dynamic baroreflex responses at 2-and 7-minute exposures of 5 mg% were obtained, the anesthetic was removed, and the sinus was again perfused at constant pressure for 5 minutes. After this reconditioning period, the next level of anesthetic was applied, and the new 2-and 7-minute responses were measured. This protocol did not allow for full recovery between anesthetic exposures but did allow sufficient time for the major blocking effects of each level of the anesthetic to occur within the experimental period. This procedure was repeated up to 20 mg% BUP, after which the anesthetic was again removed, and recovery was allowed to occur. Repeated ramps in CSP were done at varying intervals until at least 75% of the initial response was obtained at the end of the experiment to ensure that loss of the reflex was not due to time or degradation of the preparation.
Data Analysis
For data analysis, analog-to-digital conversion of recorded parameters was performed using a computer (model 310, Hewlett-Packard Co., Palo Alto, Calif.). Arterial pressure and CSP were sampled at a frequency of 10 Hz for each control and blocking procedure and stored on disk files for quantitation and statistical analysis. For anesthetic blockade, both the 2-and 7-minute responses were quantitated, but only the 7-minute responses were used in the final analysis, which represented more complete blocking at each level of anesthetic. Trends in the data at 2 minutes were similar to those obtained at 7 minutes, but the changes were greater at 7 minutes. As a measure of tonic baroreflex control, baseline values of BP were obtained using 30-second averages of this parameter sampled during the period immediately before ramps for control and each blocking condition. To determine dynamic baroreflex sensitivity, mean BP was plotted versus ramp changes in CSP to obtain baroreflex response curves. Nonlinear regression was used to curve-fit the sigmoidal response curves' and determine Pth and maximum slope of the linear portion of the curves. Pths, slopes (sensitivities), and baseline BP values for control and each level of anodal or anesthetic block were compared using an analysis of variance. Significantly different means were located using Duncan's multiple range test. All levels of significance were set at p<0.05 a priori.
Results
Anodal Block
Precise application of anodal blocking current resulted in a selective elimination of A-fiber activity without elimination of C-fiber activity, as shown from the representative small vagal preparation example taken from one dog in Figure 1 . Conduction velocities of the fastest evoked A-fiber potentials in this example ranged from 9.8 to 98.9 m/sec, and the large evoked C-fiber potential began with fibers having conduction velocities of Increasing levels of anodal blocking current applied to the carotid sinus nerve produced changes in tonic FIGURE 2. Tracings showing the effects of anodal block on conduction of carotid baroreceptor afferent fibers during constantpulsatilepressureperfusion of the innervated isolated carotid sinus. Nerve activity was recordedfrom a small bundle of the carotid sinus nerve at a site beyond the blocking electrode, which was immediately adjacent to the sinus. Some spikes from regularly discharging A-fiber (type I) baroreceptors were eliminated at 50 and 75 pA ofblocking current, and all large type I potentials were blocked at 100 pA. Smaller potentials from presumptive C-fiber or small A-fiber baroreceptors (type II) can still be seen in the noise of the nerve recording at this blocking current. When the anodal current was lowered to 90 pA, some large-fiber discharge was no longer blocked. However, returning the blocking current to 95 pA restored the block, although some small potentials were still seen in the noise at 95 and 100 puA.
control of baseline levels of BP and dynamic baroreflex control of changes in pressure (slope). As shown in the representative example from one animal in Figure 3 , increasing levels of anodal block from 25% to 100% maximum current (100 ,uA absolute current for this animal) produced stepwise attenuation of the baroreflex-induced inhibition of arterial pressure during slow ramp increases in CSP. The slope of the reflex response was attenuated at all levels of blocking current starting at 25% maximum current. As seen in Figure 4 , this attenuation of dynamic baroreflex control of pressure was accompanied by attenuation of tonic control of arterial baseline BP, but at only the higher levels of blocking currents. The level of baseline BP was the Figure 3 . No changes in baseline BP from control were seen when 25% and 50% ofmaximum blocking current were applied to the sinus nerve. However, increasing the current to 75% and 100% of maximum current produced sequential increases in baseline arterial BP during the constant pressure stimulation of the sinus baroreceptors. Figure 6 and summarized in Table 3 . In the example from one animal shown in Figure 6 , at 5.0 mg% BUP there was no effect on the slope of the baroreflex-induced decrease in arterial pressure, although there was a slight increase in arterial pressures at all levels of CSP, relative to control values. This suggests that there was some inhibition of baroreceptor activity, although the afferents involved in buffering changes in CSP were not significantly affected. Increasing the concentration of BUP up to 7.0 mg% attenuated baroreflex slope, and higher levels of BUP produced increasing degrees of reflex attenuation until the entire reflex was blocked at 20.0 mg% BUP. This pattern is reflected in the summed data for all animals in Table 3 . There was no significant attenuation of baroreflex sensitivity until 7 .0 mg% BUP, after which there was an additional decrease in baroreflex slope at 10.0 mg% and 20.0 mg%. In most animals (four of six), the reflex was almost completely eliminated at 20.0 mg% BUP.
The effects of BUP on tonic control of pressure in a representative animal are shown in Figure 7 , and data from all animals are summarized in Table 3 . Figure 7 shows the effects of increasing blocking concentrations of BUP on the baseline level of BP recorded during constant pressure perfusion of the carotid sinus at 132 mm Hg from the same dog whose reflex responses are shown in Figure 6 . As seen in Figure 7 , as BUP concentration was increased, there was an elevation in baseline BP at 5.0, 7.0, and 10.0 mg% BUP, indicating inhibition of baroreceptor control of tonic BP. However, there was no additional increase in baseline BP at 20.0 mg% BUP. These results are similar to those for all animals, as shown in Table 3 . There was a significant elevation of baseline BP at 5.0 and 7.0 mg% BUP over control BP, and baseline BP was maximally increased at 10.0 mg%. No further significant increases in baseline BP were seen at 20.0 mg% BUP for the summed data for all animals (Table 3) , although some individual dogs showed an additional elevation at the highest level of BUP. As seen in Table 3 , there were no significant changes in Pth in response to any level of BUP exposure. There was an initial insignificant drop in Pth at 5.0 mg% BUP, but with additional blocking, the Pth actually increased over control Pth. Since the baroreflex response was blocked at 20.0 mg% BUP in most animals, Pth was not determined for this level of anesthetic exposure. These results suggest that anesthetic exposure resulted in a differential pattern of attenuation of baroreceptor control of pressure, with significant attenuation of tonic control of baseline BP observed at the lowest concentration of BUP (5.0 mg%) but no signifi- FIGURE 5. Tracings demonstrating the effectiveness of the anesthetic blocking technique with bupivacaine (BUP) in producing a differential block of evoked A-and C-fiber potentials. Potentials were evoked in a small multifiber bundle of vagal nerve fibers the approximate diameter of the carotid sinus nerve. The distance between stimulating and recording electrodes was 82 mm. The earliest bidirectional potential is the shock artifact. As shown, increasing the anesthetic concentration to 3.3 and 5 mg% resulted primarily in loss of C-fiber and slowerA-fiber conduction, shown by the reduction in the evoked C-fiber potential and loss of small potentials between the largerA-and C-fiber potentials. At 5 mg%, there was greater attenuation of the C-fiberpotential with some loss of faster A-fiber potentials, and at 7 mg% there was almost complete loss of the C-fiber potential. However, at both 7 and 10 mg%, the loss of C-fiber conduction was accompanied by significant loss offast A-fiber activity. Figure 7 .
be the result of blocking both small A and C fibers. The selectivity of blockade for both techniques is presented later in the discussion. However, since the two nerveblocking techniques reversed the order of blocking of afferent fiber types, their use allowed the different roles of these baroreceptor types to be discerned. In the present study, large A-fiber baroreceptors (type I) appeared to be required to maintain maximum gain of the baroreflex and produced the greatest changes in arterial pressure when CSP was changing. Small A-and C-fiber baroreceptors (type II) needed to be present to prevent changes in tonic levels of BP, since the greatest changes in baseline "resting" pressure occurred when the afferent fibers from these receptors were blocked. This selective pattern of pressure control is shown graphically in Figure 8 . The effects of BUP blockade (top panel) on paired values of baseline BP and baroreflex slope are plotted for different levels of anesthetic. Responses for individual animals are shown by the thinner background lines, and the average curve fit for all animals is shown by the bold line. Slope and baseline BP are presented as percents of maximum: maximum slope was that obtained at control, before initiation of baroreceptor afferent blockade, and maximum baseline BP was that obtained at the higher levels of anesthetic blockade, when no further increase in baseline BP was seen after additional increases in BUP concentration, indicating complete block of all afferent fibers. The starting point for each individual curve reflects the control values for baseline BP and baroreflex slope for each animal (control in Figure 8 ). The end points of each curve are the points obtained at the higher levels of BUP when all baroreceptor afferents are blocked (maximum block). As seen in this figure, the initial effects of anesthetic blockade were primarily Figure 8 ) and maximum BP taken as that at 100% maximum blocking current (maximum block), where all baroreceptor afferents are blocked. The order of afferent blocking with anodal block is the reverse of that with anesthetic blockade, with larger baroreceptor afferent fibers blocked before blockade of smaller afferents. The pattern of results obtained with anodal block is the reverse of that seen with anesthetic blockade: There was first a large, significant decrease in slope without much attenuation of control of baseline BP. The greatest increase in baseline BP was seen at the higher levels of blocking current, at which point there was a smaller attenuation of baroreflex slope. Therefore, for both anodal and anesthetic blockade, the greatest attenua-200"-tion of control of baseline BP occurred during blockade of small A-and C-fiber baroreceptor afferents, and the greatest attenuation of baroreflex slope occurred during blockade of larger A-fiber baroreceptor afferents. Both techniques of blockade indicated that baroreceptors with smaller afferent fibers contributed somewhat to control of dynamic baroreflex sensitivity, whereas baroreceptors with the largest afferent fibers did not contribute to control of tonic levels of blood pressure.
Results from both anodal block studies (i.e., different conditioning pressures) indicated that a significant elevation in Pth was seen after primarily A-fiber blockade with 50% maximum current. Additional anodal blockade to include C fibers did not produce any further significant increase in Pth. This suggests that A-fiber baroreceptors with lower Pths contributed most to determination of Pth of the intact reflex. This result is predictable because of the finding that these baroreceptors contributed most to dynamic baroreflex control. There were no significant changes in Pth during BUP block, suggesting that the overall contribution of C-fiber baroreceptors to Pth for the whole reflex is minimal. This is based on the concept that activation of A-fiber baroreceptors with lower Pths would initiate the reflex decrease in pressure at a point below which most C-fiber and small A-fiber baroreceptors would be active. In addition, it is assumed that the absolute amount of C-fiber activity that contributes to initiating a response to a dynamic change in pressure is less than the amount contributed by A-fiber baroreceptors. This assumption is supported by the results from the anodal block study, which indicated that the relative contributions of C-fiber baroreceptors to dynamic reflex changes in blood pressure were significantly less than the overall contribution showed that the greatest hypotension produced by electrical stimulation of aortic baroreceptor afferent fibers in rabbits required activation of C-fiber baroreceptors. C-fiber baroreceptor activation was also re- C-fiber blockade, although the extent of blockade of both fibers was only approximately 20% at that time. This study indicated that two factors were involved in initiating fiber block by BUP -the concentration of the anesthetic used and the time allowed for block to occur. A later study by Palmer et al18 also examined the blocking ability of BUP on the dog vagus nerve. In that study, 20 mg% BUP produced a 78% blockade of C fibers in 3.2 minutes after exposure, whereas 5.4 minutes was required to block 86% of A fibers. Because of the lower lipid solubility characteristics and higher pK of BUP, the selectivity of blocking by BUP was found to be superior to that for lidocaine'8 or etidocaine,'7 two other local anesthetics. In the two earlier studies cited above, a significant length of nerve was exposed to the local anesthetic, which may have contributed to the decreased selectivity of blockade. As reported by Franz and Perry,16 by limiting anesthetic exposure to 2 mm of nerve or less, at most only three nodes of Ranvier will be exposed for the smaller A fibers and two or less for the larger A-fiber neurons. Since three is the minimum number of nodes that must be blocked to eliminate conduction in the myelinated axons,26 by limiting the exposed length of nerve, a more selective block of small A-fiber and C-fiber afferents can be achieved. Thus, the differential block of small fibers in the study by Franz and Perry was significantly increased when exposure to procaine was limited to 2 mm of cat saphenous nerve and relatively low concentrations of procaine (10-20 mg%) were used. Blockade of conduction in small A fibers was observed at approximately 14 minutes after exposure to procaine, whereas larger A fibers were not blocked at 1 hour after anesthetic exposure. Unmyelinated C fibers were found to block at about the same time as the smaller A fibers.
Thus, four factors must be considered when attempting differential blockade using local anesthetics: 1) the anesthetic used, 2) concentration of the anesthetic, 3) time of exposure, and 4) length of nerve exposed. Also, care must be taken when interpreting the degree of block using amplitude of evoked potentials. For example, if conduction of some C fibers is not completely blocked, but only slowed, the evoked C-fiber potential will spread out, producing an apparent reduced amplitude. Finally, not all A or C fibers will be blocked at the same concentration because of their location within the nerve trunk. However, with these reservations in mind, anesthetic blockade can be used to produce a fairly selective block, evidenced by the separation in responses described in the present study. Our observations were limited to responses observed at 7 minutes after application of low doses of BUP to a limited portion of the nerve trunk. Using these precautions, we were able to differentiate control of two aspects of BP regulation, assessing the contribution of baroreceptor types with different afferent fiber types to tonic versus dynamic pressure control. A similar utilization of local anesthetic blockade was performed in a study to separate the contributions of afferent activity carried by larger myelinated (groups I and II) versus small myelinated (group III) and unmyelinated (group IV) fibers from a muscle to the reflex cardiovascular and respiratory responses initiated by exercise of the muscle. 27 Careful application and monitoring of evoked potentials indicated that, although some conduction block of large A fibers occurred during the more complete blockade of the type III and type IV fibers, reflex attenuation correlated well with loss of conduction in the smaller fibers. Thus, although anesthetic blockade was not completely selective, careful use of the technique permitted discrimination of the reflex pathway to the smaller myelinated and unmyelinated fibers. However, comparison of the two blocking techniques in the present study indicated that anodal block produced a more selective and controllable block than did anesthetic block with BUP.
Results from the present study indicate that selective blocking of baroreceptors unmasks differential roles for two types of baroreceptors in the control of BP. Large A-fiber baroreceptors appear to contribute more to control of dynamic baroreflex regulation of changes in arterial pressure, whereas smaller A-and C-fiber baroreceptors appear to be the primary regulators of tonic baseline levels of BP. This differential contribution to control of two aspects of BP regulation is not absolute, for baroreceptors with smaller afferent fibers were found to contribute in some degree to dynamic pressure control. However, as suggested by the firing characteristics of the baroreceptors, each baroreceptor type appears to preferentially contribute to either dynamic or tonic control of BP. Results from the present study indicate that there can be a functional separation of regulation of these two aspects of pressure control.
